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We study the decay rates of the — > 67 and t ^ £"/ transitions in the framework of the type 
III seesaw model, where fermionic triplets are exchanged to generate neutrino masses. We 
show that the observation of one of those decays in planned experiments would contradict 
bounds arising from present experimental limits on the eee and t —f 31 decay rates, and 
therefore imply that there exist other sources of lepton flavour violation than those associated 
to triplet of fermions. 



1 Introduction 



The Standard Model (SM) has the unique property of conserving flavour in the leptonic sector. 
However, since the experimental discovery of neutrino oscillations, we know that lepton flavour 
is violated in the neutrino sector. Neutrinos mass naturally arises within the framework of the 
seesaw mechanism (via the exchange of heavy fields). In such models flavour violating rare 
leptonic decays such as /U — > e7 and r — > i'yaie expected to be relevant. These decays have 
already been studied in type and type II^^J seesaw mod els. In the following, we study these 



decays in the framework of the type III seesaw model ^ 
exchanged. 



where heavy triplets of fermions are 



2 The type-Ill Seesaw model 

The type-Ill seesaw model consists in adding SU{2)l triplets of fermions E, with zero hyper- 
charge, to the SM. At least two triplets are needed to account for the observation of neutrino 
masses, but in fact only one is sufficient to generate non- vanishing ii — > ^27 rate. In the following 
we will not specify the number of triplets. The heavy fermions are in the adjoint representation 
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Figure 1: Diagrams contributing to the fi ~* cy transition, (p^, rj denote the three Goldstone bosons associated 
with the W~ and Z bosons. H stands for the physical Higgs boson, and 'I' = E^'^ + E]^. 

of the SU{2)l group and have a gauge invariant Majorana mass term. The Lagrangian of its 
interactions reads: 

C = TrpipS] - ^TrpMsS'^ + S^M^S] - <p^^V2Yj:L - lV2Yj:^^4> , (1) 

where L = (/> = (</>+, = , {v + H + irj) / V2f , 4> = iT2(p* , = CS^ and with, for 

each fermionic triplet, 



(2) 



After electroweak symmetry breaking, the neutrino mass matrix is given by: rrii, = ~^ys WE^'^- 
The new Yukawa couphngs are the source of mixing between the hght leptons and the heavy 
fermions, which, combined with the presence of the Majorana mass term, allow lepton flavour 
violating processes. Thus, the study of these processes will enable to derive some bounds on the 
new couplings: Is and Ms 

3 Flavour changing radiative leptonic decays 

We briefly describe the main steps of the calculation of the ^ ^ e rate. The r decay rates will 
straightforwardly follow. The on-shell transition /i ^ 67 is a magnetic transition, and it can be 
written, in the limit mg 0, as: 

T (/i ^ 67) = A X (p - iq^e^axu (1 + 75) u,, (p) , (3) 

where e is the polarization of the photon, the momentum of the incoming muon, (7^ the 
momentum of the outgoing photon and a^i, = | [7^,71/]- The fourteen diagrams contributing 
to these decays are shown in Fig. 1. The details of the calculation can be found in the related 
paperlSl. In the limit Ms Mw, at 0((^^)^), the total amplitude is given by: 

qSM g 

T{fi^e-f) = i-^^^rrifJI^ip- q){l+j5)iaxue^q''Uf,{p) 

( Y + C) - E iUpMNs)ei (^PAfiVs) [ ' (4) 



where C 



-6.56, e = ^^Y-^Mj, Yy, and x^- = -pr-- The first part of the ampHtude correspond 

to the contribution of the fermionic triplet, while the second one is the usual contribution from 
neutrino mixing (suppressed by a GIM cancellation). The branching ratio then reads : 



Br 
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Xu, {UpMNs)ei 
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(5) 



T ^ Ij decays can be obtained from Eq. ([5]) by replacing /i by r, e by / and by multiplying the 
obtained result by^Sr (r evr^e) = (17.84ib0.05)-10~'^ . Since the neutrino mixing contribution 
is extremely suppresse d, it cna be neglected when compared to the present experimental bounds 
on the branching ratios'^'^. This allow us to convert these experimental bounds into bounds on 
the coefficients : 
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< 1.5 • 10" 



Y^lre < 2.4 -10-2 



(6) 
(7) 
(8) 



4 Comparison to /i — > eee and r 3i' decays 

The presence of heavy fermions not only allows for one-loop lepton flavour violating processes, 
but also for tree level decays such as u — > eee and r — > 3i'. The latter branching ratios have 
already been calculated in the type III seesaw modelHl. It turns out that the bounds obtained 
from these decays exactly apply on the same parameters e as those obtained in Eqs. ©-([SI). To 
understand this property let us study the example of /i — > 67 and /i — > eee . In both cases one 
wants to link a muon to an electron with a same fermionic line. The only way to achieve this is 
to mix a muon and an electron with a fermionic triplet. This implies that the flavour structure 
of the /i-to-e fermionic line is the same in both processes. Regarding the couplings, there is only 
one way to combine two Yukawa couplings and two inverse Me mass matrices to induce a ^-to-e 
transition along a fermionic line: Cg^. This relation between the two types of decays implies that 
the ratios of these branching ratios are flxed : 

Br{fi ej) = 1.3 • 10"^ • Br{fi eee) , (9) 
Br{T ^ ^-f) = 1.3 • 10~^ • Sr(r ^ /i/x/x) = 2.1 • 10"^ • Sr(r" ^ e"e+/i"), (10) 
Br{T e-f) = 1.3 • 10"^ • 5r(r ^ eee) = 2.1 • 10"^ • 5r(r" ^ A*"/^^e^) • (H) 

Since the processes I — > 3£' occur at tree level in this model while the ^ £'7 ones are one-loop, 
small values of the ratios are expectec^. The /x — > eee, r — > eee and r — > /x^/x decays lead 
toHl |eg^| < 1.1 . 10-6, |e^^| < 4.9 • 10""^, \eer\ < 5.1 • 10"^. Those bounds are better than 
the one obtained in Eqs. ©-(HI). This means that in this model the tree-level processes will 
provide the most competitive bounds on the Caf^ parameters, even if the the experimental limit 
on the branchng rati os o f the radiative decays improves by two order of magnitude. Using the 
experimental boundsEEl Sr(;u eee) < 1-10"^^ Br{T eee) < 3.6-10"® and Br{T /x^u/x) < 



''Note that these ratios are obtained in the hmit where Me S> Mw,z,h- Not working in this limit, these ratios 
can vary up to one order of magnitude. 



3.2 -10 , one derives predictions for the bounds on branching ratios of the radiative decays : 

Brifi^ej) < 10"^^ (12) 
Br{T fi-f) < 4 • 10"" (13) 
Br{T ^67) < 5 • 10"" (14) 

to be compared with experimental boundJS^ : Br(// — > 67) < 1.2-10"^^, Br(r — > fi'j) < 4.5-10"^, 
Br(r 67) < 1.1 • lO-'^El. 

5 Conclusion 

In our work we were lead to the conclusion that the observation of one leptonic radiative decay 
in the upcoming experiments will rule out the seesaw mechanism with only fermion triplets. 
Indeed this would contradict bounds arising from present experimental limits on the /i — > eee 
and T ^ 31 decay rates, and therefore imply that there exist other sources of lepton flavour 
violation than those associated to triplet of fermions. 
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